ABSTRACT
Maxillofacial deformities are embarrassing and make patients feel self-conscious. These defects, whether congenital or caused by trauma or cancer surgery, traumatize the individuals and diminish them physically and psychologically. 1, 2 Plastic surgery, when the circumstances are favorable, is the treatment of choice. 2 Indeed, autoplastic repair, or repair using in vivo tissue, is more desirable than alloplastic or artificial repair. However, there are patients with congenital or acquired defects for which restoration using prostheses is more appropriate. In fact, the rehabilitation of these patients using prosthetic restoration provides favorable results in terms of esthetics and personal well-being, making their reintegration into their social and family environment possible and acting as psychologic therapy by making them feel happier and more self-confident. [3] [4] [5] Currently, the most common materials used to make facial prostheses are thermally activated acrylic resin and silicones. [6] [7] [8] Silicone is the best material because of its flexibility, patient comfort, and texture, which is similar to human skin. [9] [10] [11] Deficient hygiene of dental and maxillofacial prostheses contributes to the susceptibility of surrounding tissues to infections. [12] [13] [14] [15] [16] Normal skin is rich in microorganisms, fungi, and bacteria, which naturally inhabit the skin surface. However, under conditions such as excessive heat and moisture, in patients with poorly controlled diabetes mellitus, or after prolonged administration of antibiotics, these microorganisms can cause endogenous infections and form biofilms. A biofilm is defined as a community of microorganisms adhering to a surface and surrounded by a complex matrix of extrapolymeric substances. 17 Biofilms are composed of a set of different microorganisms that live together, in tissues and on prostheses, catheters, and other surfaces, forming a multicellular community. 18 Thus, the natural tendency of microorganisms to live in communities creates immune protection against host defenses and the action of antimicrobial agents, thus favoring the establishment of pathogenic processes. 17, 19, 20 Chemical disinfection using nonirritating disinfectant solutions ensures the health of tissues that come into contact with prostheses because, when properly cleaned, the risk of infection is minimized. [13] [14] [15] [16] Conventional cleaning protocols involve mechanical biofilm removal (with manual toothbrushing or washing by hand with water and neutral soap), [21] [22] [23] [24] [25] effervescent solutions such as cleansing tablets, [22] [23] [24] [25] sodium hypochlorite 0.5% to 1%, [26] [27] [28] [29] and chlorhexidine 2% to 4%. 13, [22] [23] [24] [30] [31] [32] [33] However, frequent exposure to these solutions may interfere with the properties of silicone. [22] [23] [24] [25] [27] [28] [29] 31, 33, 34 Thus, research is necessary to find alternative methods of disinfection using solutions that do not alter the silicone surface and that are harmless to individuals. 35 Given the paucity of studies in dentistry on this issue, phytotherapy seems to be one possible option, as it is inexpensive and easy to use. 35, 36 Essential oils derived from aromatic and medicinal plants are potentially useful as antimicrobial agents, and their use as medicines has been widely recognized. 37 An essential oil, commonly known as citronella (Cymbopogon nardus), extracted from a type of lemongrass, is widely used as an insect repellent. The main chemical components of this essential oil are antiseptics, geraniol, and citronellol, hence its extensive use in household disinfectants and soaps. 38 Another candidate plant is hydrastis (Hydrastis canadensis), with its main chemical components being opianic acid, alkaloids, chlorogenic acid, berberine, hydrastine, and canadine. In medicine, this plant has been widely used for its astringent, antiinflammatory, antimicrobial, expectorant, and anthelmintic properties, among others. 39, 40 Thus, C nardus and H canadensis are considered to be plants that have antibacterial and antifungal potential, which may be useful in the control of infections in humans.
The purpose of this study was to evaluate the antimicrobial activity of plant extracts compared with conventional disinfectant solutions on specimens of medical grade silicone contaminated with Candida albicans and Staphylococcus aureus biofilms.
MATERIAL AND METHODS
This study examined the effectiveness of conventional and plant-extract solutions to disinfect elastomer specimens of the material used to manufacture maxillofacial prosthetics. Table 1 lists the names and manufacturers of the disinfectant solutions. 
Clinical Implications
Plant extracts are promising prophylactic and disinfectant agents against bacterial and fungal organisms, suggesting that these solutions might be useful as antimicrobial topical solutions for silicone elastomers.
Seventy-two disk-shaped specimens (5 mm in diameter, 2 mm thick) of a maxillofacial silicone elastomer (MDX4-4210; Dow Corning Corp) were fabricated using a metallic matrix. The MDX4-4210 silicone elastomer was manually mixed in a ratio of 10:1 (base:catalyst), according to the manufacturer's instructions. It was prepared at room temperature (23 ±2 C) and a relative humidity of 50% ±10%. After the silicone had been prepared, it was placed into the matrix, and the surface was smoothed with a spatula at the edge of the matrix to a thickness of 2 mm. 35 Air bubbles in the mixture were eliminated by 30 minutes' incubation in a pressure pot (M500; EDG Equipment) at 140 kPa. 41 The matrix filled with silicone specimens was left in the mold, with the external surface exposed to the room environment for 3 days to complete the polymerization process. After this period, the specimens were removed from the mold with a fine-pointed instrument, and the excesses and irregularities of specimens were removed with thin, curved scissors. 4, 32 A uniform surface smoothness was maintained for cell attachment, but the surface was not finished or polished, simulating what is typically done in processing these prostheses, in which frequently only the edges are trimmed, 42 and extrinsically stained before delivery. [42] [43] [44] The specimens were sterilized with ethylene oxide and divided into 2 groups: 36 specimens were contaminated with S aureus and 36 with C albicans. In addition to the contaminated groups, a sterile group was used as a control ( Table 2 ). The viability of cells was evaluated by XTT assay [14] [15] [16] 45, 46 and by scanning electron microscopic (SEM) analysis. 41, 45 Two microorganism strains obtained from the American Type Culture Collection (ATCC) were evaluated: C albicans (ATCC 26790) and S aureus (ATCC 14458). These microbial strains were provided by the Instituto Oswaldo Cruz-FIOCRUZ. All strains were maintained frozen at -70 C until the assay. Aliquots of 25 mL of each microorganism were spread in petri dishes containing Sabouraud dextrose agar and mannitol salt agar (Difco Laboratories Ltda) for C albicans and S aureus, respectively, and incubated at 37 C for 24 hours. After this, a loopful of each cultivated microorganism was individually subcultured in 5 mL of Sabouraud dextrose medium for C albicans and in brain-heart infusion medium for S aureus, which had been grown aerobically overnight at 37 C for 18 to 24 hours before assay. After this period, 200 mL of each cultivated suspension was resuspended in a culture medium and spectrophotometrically standardized at an optical density (OD) of 520 nm to a final concentration of 1×10 6 cells/mL for C albicans (OD=0.3) and a final concentration of 1×10 8 cells/mL for S aureus suspension (OD=0.5). The resulting suspensions were used for all further procedures.
C albicans and S aureus biofilms were developed on the silicone specimens' surface. Briefly, the silicone specimens were placed inside 2 presterilized 24-well microtiter plates, and aliquots of 2 mL of the standardized cell suspensions were transferred into each well with 1000 mL of Sabouraud and brain-heart infusion mediums for C albicans and S aureus, respectively. The microtiter plates were incubated for 72 hours at 37 C in an orbital shaker at 75 rpm under aerobic conditions for biofilm formation on the surface of the material. After incubation, the wells were washed twice with phosphatebuffered saline (PBS) to remove nonadherent cells.
After biofilm formation, 36 specimens for each microorganism were divided into 5 subgroups (n=6): positive control and experimental groups. In the positive control group, the specimens were immersed in saline solution for 10 minutes. In the experimental groups, the specimens were disinfected by soaking for 10 minutes in 4% chlorhexidine, H canadensis, and C nardus, and 1 group was subjected to washing by hand with water and neutral soap for 30 seconds ( Table 2 ). The effect of the disinfection protocols on biofilm viability was evaluated by the XTT reduction assay, and the specimens were analyzed by scanning electron microscopy (Model JSM 5410; JEOL).
The effect of the disinfection solutions on biofilm viability was evaluated by the XTT reduction assay, a quantitative analysis with 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide to determine the formation of biofilm. The activity of the mitochondrial dehydrogenase reduces the XTT tetrazolium salt to formazan salt, resulting in a colorimetric change correlating with the cell viability. 29 An XTT salt solution (Sigma-Aldrich) was prepared in ultrapure water at a final concentration of 1 mg/mL, and menadione solution (0.4 mM in acetone; Sigma-Aldrich) was prepared immediately before each assay. The disinfection solutions were added to each well of a microtiter plate containing 1 silicone specimen to be tested for 10 minutes. For the group subjected to washing with water and neutral soap, the specimens were removed from the microtiter plate, cleaned, and then replaced in the well. After this, all specimens were washed twice For SEM evaluation, the specimens were sputtered with a thin gold layer using a sputter coater (E-1010; Hitachi). Subsequently, the surface of silicone specimens was observed with SEM (Model JSM 5410; JEOL). The accelerating voltage was 15 kV and magnification was ×1000.
The effect of the disinfection protocols on the metabolic activity of the biofilms was measured as the percentage of cell viability in relation to the XTT absorbance values of the control. Because the data satisfied the assumptions of normality and homogeneity (Kolmogorov-Smirnov test, P>.05), parametric statistics were performed. The results were analyzed by ANOVA and the Tukey HSD test (a=.05) by SPSS v20.0 software (IBM). Table 3 shows the results of the XTT assay of C albicans and S aureus biofilms in relation to the absorbance and percentage of cell viability with respect to different disinfection solutions. The mean absorbance obtained from the control groups of C albicans was 1.88 and of S aureus 1.60. All disinfection solutions showed statistically significant reduction in biofilm viability (absorbance) compared with the control group for both microorganisms (P<.05).
RESULTS
The results demonstrated that washing with water and neutral soap was significantly (P<.001) more effective in reducing biofilm viability than immersion in the disinfection solutions, with the persistence of viable microorganisms between 1.05% for C albicans and 0.62% for S aureus after this cleaning protocol. A significant reduction in biofilm viability was also observed after immersion in C nardus plant-extract solution, with the persistence of viable microorganisms between 32.27% for C albicans (P<.001) and 7.44% for S aureus (P<.001).
When disinfectant solutions were compared for C albicans biofilm reduction, C nardus was the most effective (32.27% of cell viability), but with no difference among H canadensis (44.44% of cell viability; P>.05). However, C nardus was significantly different from 4% chlorhexidine (50.79% of cell viability; P<.05). For S aureus biofilm, a significant reduction in biofilm viability was promoted by all disinfectant solutions, but with significant differences among them (P<.05). The most effective solutions were C nardus (7.44% of cell viability) and 4% chlorhexidine (25.62% of cell viability). H canadensis was the solution that had the lowest effectiveness on the biofilm of S aureus (33.75% of cell viability). Figures 1 and 2 show photomicrographs of the surface of the Silastic MDX 4-4210 silicone specimens contaminated with C albicans and S aureus and subjected to different disinfection protocols. For comparison, Figures 1B and 2B show the specimens' surfaces covered with a biofilm of C albicans and S aureus, respectively. Specimens disinfected with H canadensis (Fig. 1D ) and C nardus (Fig. 1E) show fungi cells remained attached to the surface, even though more than 50% of the biofilm was inactivated, as was seen by the XTT assay (Table 3) . The surface of the specimens contaminated with S aureus and disinfected with H canadensis (Fig. 2D) shows scattered bacterial cells. However, for C nardus, bacterial cells were absent (Fig. 2E) , which is in accordance with the XTT assay (Table 3) .
Washing with water and neutral soap removed the biofilms, leaving the silicone surface free of microorganisms (Fig. 1C, 2C) , similar to the sterile groups (Fig. 1A, 2A) . The surface of the specimens subjected to disinfection with 4% chlorhexidine presented a modified surface. This fact is evident in photomicrographs with the formation of an impregnated layer (Fig. 1F ) and the formation of cracks in the material's surface (Fig. 2F) .
DISCUSSION
Proper routine cleaning of a prosthesis is required to prevent infection and maintain healthy supporting tissues. Therefore, this study investigated the effectiveness of disinfection solutions in deactivating C albicans and S aureus biofilms grown on a silicone polymer surface.
Mechanical biofilm removal is considered the most common and effective method of controlling biofilm development. 14, 21 From the results of the present in vitro investigation, a reduction of almost 100% in the viability of the C albicans and S aureus biofilms was observed after manual washing with water and neutral soap. This reduction was probably due to the mechanical action provided by the washing. Under these conditions, biofilm may be mechanically disrupted from the silicone surface. However, some authors have suggested that washing by hand, even when gently performed, induces detachment of the compounds incorporated into the elastomer matrix for the characterization of maxillofacial silicone prostheses. 25, 27 The hygiene of a maxillofacial prosthesis in silicone polymer is a delicate procedure that, if performed improperly, can accelerate the deterioration of the material. 10, 11, [23] [24] [25] [27] [28] [29] 31 The 4% chlorhexidine solution was not an effective disinfectant against C albicans, with persistence of viable microorganisms of approximately 50% after immersion for 10 minutes. In contrast, other studies have shown its effectiveness on Candida biofilm, but on dental prostheses (in acrylic resins specimens). 14, 30 Similarly, Lamfon et al 12 investigated the in vitro composition of denture biofilms and the susceptibility of Candida spp in these biofilms to antifungal agents. Exposure to single agents such as miconazole, fluconazole, or chlorhexidine did not inhibit the growth of Candida spp. Further, this study shows that the surface of the polymer becomes impregnated with 4% chlorhexidine, presenting a modified surface leading to increased surface unevenness. Other studies have also noted that 2% to 4% chlorhexidine solutions negatively affect the hardness and roughness of acrylic resins. 32, 46 Other types of surface analysis should be done to prove a degradation of the surface of the material when subjected to the action of chlorhexidine. However, frequent exposure to disinfection solutions may interfere with the properties of silicone, causing changes in color, hardness, and tear strength. [22] [23] [24] [25] [27] [28] [29] 31, 35 The period of contact of the material of the prosthesis with the disinfectant should be controlled so as not to change the texture of the silicone surface, which may also change color stability and the appearance of the prosthesis. 4, 31, 35 Additionally, surface irregularities contribute to increasing microbial adhesion.
Considering that the deleterious effects on materials are affected by the concentration and exposure time of conventional solutions, this study was undertaken to test the antimicrobial efficacy of plant-extract solutions. The results of this study corroborate the literature regarding the antibacterial and antifungal potential of the plant extracts C nardus and H canadensis. 39, 40 The effectiveness of C nardus against S aureus was significant, showing a 92.5% of reduction in the viability of this biofilm. However, the disinfectant solutions, when used alone, were not capable of completely eliminating the mature biofilm on the surface of silicone. Thus, further studies should be conducted on the use of associated cleaning protocols by combining the mechanical and chemical methods to clean dental prostheses effectively. Therefore, according to some recent studies, the optimal disinfecting solution is still a matter of discussion. [27] [28] [29] Denture hygiene methods have been widely tested. [13] [14] [15] [16] 46 However, with regard to maxillofacial prostheses, most studies have targeted to their effects on the physical and mechanical properties of materials. [22] [23] [24] [25] [27] [28] [29] 31, 35 Thus, these data confirm the need for more knowledge about the composition, occurrence, and biofilm formation of maxillofacial polymeric materials, as well as studies to evaluate the antimicrobial action of cleaning protocols on these materials.
CONCLUSIONS
Within the limitations of this in vitro study, it was concluded that the silicone polymer subjected to cleaning protocols with different disinfectant solutions significantly reduced the viability of C albicans and S aureus biofilms. Washing by hand with water and neutral soap was the most effective protocol against both microorganisms.
